
Field Windbreaks for Row Crops
inter-row plantings .of grain in white asparagus fields gave
,protection against wind erosion during tests on peat soil

Herbert B. 5chultz and Alan B. Carlton

Inter-row planting as a practical man- tooting plants in each row space. Als0,direction. At Terminousmthe site of one
agement practice for the protection ofinter-row plantings can give wind pro-of the two special wind survey stations
white asparagus fields from wind erosiontection for a few months only. used in’ these studies--the prevailing
has been intensively studied since 1955.Fortunately, on the islands in the Sanwind direction is straight west. From
Such erosion is sometimes costly to theJoaquin Delta, these two restrictions dothere on, the oceanic air masses fan out
growers and is an important factor innot exist for one of its important crops,according to the valley shape. At Rindge
peat dust storms, white asparagus. This crop is planted inTract--the second survey station--the

Interplanting asparagus ridges withridges 7’-8’ apart, providing space foroceanic flow is just beginning to turn
rows of fast growing small grains doesone to three rows of grain between ~idges.away from its west direction and is
not take land out of production, asThe need for protection against windmostly between west and west-northwest.
do tree windbreaks; lath fencesmsnowerosion is usually greatest during MeyIn such conditions, tree’ windbreaks or
fences---appear to be too expensive underand" June, the monthsof 6ptimum devel-fences should be oriented in a north-
the conditions. Furthermore, investiga-opment for several varieties of barleysouth direction, and so should be, pref-
tions have shown that inter-row plantingsand wheat, erably, the asparagus rows to prevent the
of grain are highly effective even against A further factor supporting the pref-tree windbreaks and snow fences from
winds moving parallel to the row direc-erence for inter-row planting is the rowinterfering with the numerous cultiva-
tions. However, inter-row planting is re-orientation of many asparagus fields,tions and daily tractor harvesting of the
stricted to row crops that are sufficientlywhich is unsuited for tree rows or snowcrop. However, even when a new aspara-
spaced to permit a strip of taller, pro-fences with regard to the prevailing wind Concluded on next page

only one cf magnesium nitrate, showedreceived nitrogen, phosphorus, or potas-Magnesium nitrate spray at 10 pounds
about 45% correction of the deficiencysium but no dolomite--that is, no mag-per 100 gallons of water applied to or-
symptoms. Symptoms on the check treesnesium--were split. One tree in each plotange trees in San Diego County in An-
had not improved, received a magnesium nitrate spray andgust, 1958, gave little or no correction

Th~econd experiment--in San Diegothe other was retained as a check. Addi-of the deficiency, suggesting that single
¯ County--used only two applications oftional plots, which had received a heavysummer applications are uncertain.
magnesium. The first spray was appliedmulch of steer manure every year since On some, but not all, light-textured
in the fall, on November 21, 1957, and1950, were split and sprayed in the samecitrus soils in California applications of
the second on May 1, 1958. Single-treeway. Leaf samples were gathered on MayEpsom salts--magnesium sulfate--have
plots were used, with the spray treat-22, 1958. been effective, suggesting that a combi-
ments and check replicated nine times. The trees of the factorial experimentnation soil-spray program might be de-
The fall application used five pounds ofhad differential magnesium levels createdveloped for such soils. No instance is
magnesium nitrate to 100 gallons ofin the leaves by past fertilizer treatments,known where applications of magnesium
water and the spring application used 10Trees that had heavy applications of pot-compounds to heavy-textured soils have
pounds to 100 gallons, ash or manure in their prior fertilizercorrected magnesium deficiency.

The second spray in this experimenthistory had moderate to~severe~ magne- In earlier exploratory trials, foliage
was applied when the spring flush ofsium-deficiency symptoms. Regardless ofof orange trees was injured by magne-
growth was about two thirds expanded,previous fertilizer treatment, a singleslum nitrate at concentrations as low as
Magnesium in leaf samples taken onmagnesium nitrate spray applied when15 pounds per 100 gallons of water.
May 22, 1958, three weeks after thethe Spring flush of growth was about twoThus, 10 pounds of magnesium nitrate
spring spray, averaged 0.17% for thethirds expanded resulted in a substantialper 100 gallons approaches a maximum
cheek and 0.23% for the sprayed trees,increase in magnesium concentration intolerable concentration. In Treatment 4,
In each of the nine replications of theleaves, analyzed three weeks later, small quantities of zinc and manganese
spray treatment, the concentration of When the spray was applied, deficiencysalts were combined with 10 pounds of
magnesium in the leaves exceeded thatsymptoms had started to develop inmagnesium nitrate per 100 gallons of
of the check by more than 22%. The dif-leaves of the fall and winter flushes ofwater and no injury resulted from the
ferences were highly significant, growth. After two months, ~he sprayedtreatment. However, as a precaution,

The third experiment was a single ap-trees had only about 40% as many leavesmagnesium nitrate sprays might be tested
plication--in San Diego County, on Mayshowing magnesium-deficiency symp-on a small number of trees before spray-
1, 1958--using 10 pounds of magnesiumtoms as did the check trees. Apparentlying an entire orchard.
nitrate per 100 gallons of water. Thethb sprays prevented further developmentT. ~. Embleton is Associate Horticulturist,treatment was superimposed on a 3 x 2 xof deficiency symptoms, but symptomsUniversity o[ Cali[ornfa, Riverside.
2--dolomite x potash × phosphate~fae-continued to develop in the cheek trees. IF. IF. Jones is Horticulturist, Universitytorial soil fertilizer experiment, repli-The sprays did not correct symptomsCalifornia, Riverside.
eated five times with two-tree plots. Thethat were present in the leaves at theThe above progress report is based onplots in the factorial experiment that hadtime of spraying, search Project No. 1632.
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WINDBREAKS Wind OIr~ctions During Dally Periods with Wind Velncitles ovor |0 Miles par .our.
Mnrch to September.

Continued frora preceding page Percent of total number of readings.
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planting does not havb to’cope with this: ~ ,    ,,~ , ;: "r" ..., ;~’.,, ..........-
difficulty, in diagram I). A vertical p~fild of a Wind Vlrem..s, f.r" V~loclti~s *t ~S ~le, s

During tl~e 1957 and 1958 duststormwind parallel to ridges interplanted withH..~ a.nd taor~ ~o. ll.dge Island ~.rli~ Mar
seasons, ’wind measurements were takenrows of barley shows the windbreak el-

and Je.e; Average of [:our ’gears [19S~=58)
Percent of ¥otal I~emher of Readings

--by anemometers attached at predeter-feet of barley to be very good, even from sw wsw w w~w NW NOW N mhnrs total
mined heights along a portable mast--a. low stand. Actually, the wind reduction s ¯ ~ so ~ o ¯ o
in bare asparagus fields and in fields in-for parallel wind was almost as good as
terplanted with rows of barley. The fieldwhen the wind was perpendicular to thea perpendicular wind usually decreasesmeasurements have yielded 41 verticalridges--Diagram F. The reason for this.to 40%-60% of normal, downwind atwind profiles--graphs of velocities atvery satisfactory performance appears toa distance of five times the tree height;varying heights--which were used tobe that the angle between a parallel windto 60%-80% of normal at 10 times treecompare the air flow over bare--non-and the ridges never is exactly 0°, butheight; and to 80%-95%, at 15 timesinterplanted--and interplanted fieldssomewhere between 0° and 45°. This is tree height. This means that protectionunder various angles of the wind to thetrue especiall) in the hours of maximmnagainst such winds by inter-row plant-ridges. In preparing the graphs, ~* ’~i~si~ii~ d~ri-ii~ flaehigh~d~~tim~ ~i~i-ing is equivalent to the 20%--40% redue-
velocity of the top anemometer, at J,5’ness, which is always accompanied bytins in wind velocity provided by a treeheight--usually around 20 miles peran unsteadiness of direction, windbreak at a downwind distance of 10hour--was set as 100% for each profile, Other vertical profiles showed that in-times the tree height. At windangle~and the speeds at the lower heights wereterplantings under wind directions otherother than perpendicular, protection by
plotted in percentages, than 90°~and 0°--gave the greatesttree windbreaks becomes poorer, but pro-

Vertical profilds of wind conditionsamount of wind reductiou at the lowest--tection by’~ter-row planting apparentlyover unprotected ridges--diagram A ofmost important--height, with wind speedbecomes even better, Still more strikingthe graph on this page--showthe velocityonly 60%-65% of that over bare ridges,is the substantial protection provided by
of a crosswind to be retarded to 79%A similar result was obtained in 1958inter-row planting against parallel windsat the 3’ height--in comparison to afrom calculations using an analytical ex-where tree windbreaks would be useless.
field with wind parallel to the ridges-pression for wind increase with height.
because in itself the cross-orientation ofThe explanation may lie in the greater    Herbert B. Schultz is Specialist in Agricul-
ridges and wind acts as a considerableapparent density of the barley stripstural Engineering, University o] California,

Daois.windbreak¯ Interplanting under suchwhen viewed obliquely as compared with Alan B. Carlton is Associate Specialist inconditions seems to add only a modestthat observed at right angles. Soils and Plant Nutrd,@t~, University ot Call-
amount .of protection, but at the lowest A comparison of the effectiveness of]ornia, stationea at Stockton.
anemometer, the one at the 2’ height--inter-row planting with the protection The above progress report is based on Re-
Diagram B, curve d--the int~rplantedgiven by rows of tall trees shows thatsearch Proiect No. 1686.
barley strip cut the speed down to 75%
of the value in the curve c. .. Various wind profiles over asparagus ridges during dust storms.

Very striking, however, are the results ~

Streamlines of o~eanic air masses In the Call- ~ ~1 Unprolec|ed ridges : Wind angle with rows : Wind angle with rows
fornin valleys |n summer. After Byers, 1930. ~ a, Wi~ parollel ~ at £0e(peroendiculnr) \\ belween 4Se0ndg0e

The 6 dots show locations of California spot ~k~, b. Wind angle abou! 45* \\ e. Unprotected ridqe$ ~. I~ Unprotected ridges
�llma.te recorders used for wind and’tempera-

IC ~tv~ c, Wind perpendicular

~
d. Interplonted ridges

~
e. Interplanted ridges

turn survey. Stations shown in the northern half

c~~

\\°f the CentralValleyse~vedln thec°nstruction
~C~

of the dotted lines: tentative extension, 1954.

at 0a (porollel| between O~ond 45°
\ f. Wind pnrollel

~ a Unp(otected ridges ~ h. Unprotected ridges
~d. Wind perperal~culor

t\ f. No-real inlerplonling ~, L Interplonled ridges

so 20 ,oo go ,; ,on
Wind Velbclly in e/o Ot Velocity at 1.5’ Height
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~]~.’i";~’: TNTERP/-’ANTING ROWS of asparagus withing of about 8 feet. The solid curve ingood protection noticeable for wind
-’- strips of grain, such as barley, for’the graph shows that ’the wind was re-rections parallel to the ridges (0°.’angle).
protection against wind erosion has grad-duced to 55% of normal when blowingAs the damaging winds always are gusty,
ually been accepted by most growers infrom a perpendicular direction (90°they are oscilIatlng in direction as well as

~,~: the San Joaquin Delta area. Winter grainangle), and about as much or even a littlein velocity, so that they frequently depart
crops are used because physical char-more with angles near 45°. These reduc-from the parallel direction toward the 45°

~ acteristics of these plants are suitabletions were to be expected because similarang!e.
~’.!.i and protection is needed most in Mayvalues were ~neasured at a conventional The scattering of plotted points is an
~.t.~ and ~une. The effectiveness of these inter-wind break---a row of trees--downwindindication of some of the difficulties in.

!}i ;~’IIi.’

row plantlngs was proven in 1958-1959to a distance about five times the heightherent in this method. The various rldges
,~ .- tests with elaborate installations whichof the trees. As the barley is about 17can be differently shaped, for example,~

were also described in Cali/ornhz ¢tgricul-inches higher than the ridges, five timesthus influencing the streamflow above.
i tt~re. A simpler method for analyzingthis height would be 85 inches. The dis-Blowing dust, entering the anemometer

interplanting effectiveness has beentance of the ridges from the barley strip isbearings, can change their calibration.

. adopted recently which also presents theonly 48 inches, however, and for a 45°Soil erosion during one recording period
i~i results in a more descriptive way. Windwind, the path would be 68 inches, whichraised the height of the control anemome.

velocities over the ridges are recorded byis within the optimum protection zone.tdrs in the non-interplanted sections to
anemometers set into the ground so that The even somewhat greater protectionsomewhat more than 1 inch and higher
the cups are only 1 inch above ttlesurface,in winds of about 45° can be caused byair-speeds were indicated there. About
as shown in tile sketch. Each anemometerthe greater compactness of the barley50 hours .of records could still be used,
is electrically connected t~ a Californiablades when look.ed at from an angleafter elimination of such erroneous read-

il spot climate recorder for continuousother than 90°. This may alsS~xpiain theings. On the other hand, a certain degree
recording.

This new method was used for the first
time in the 1960 tests, despite previous ~L~H VIEW of test plot showing wind velocity in per cent of nor"

’:~’.i~I questions concerning ~reliability; first, as mal over ridges in alternate interplantlngs for different wind

~.~b" ~! an opportunity for corroboration of prior angles.

~.;~ merit, this simpler method could be used

~, interrow plantings. ~ -.~.
¯ . : a

[: " Under conditions tested so far, data ¯
¯

comparable with 1958--1959 tests were ~ ’ ~ ¯ ~

}.,~ obtained as plotted on the graph. ~’~ , ~ ~z° I ~
~ .; Measurements were made on 16-inch- ~ I

: ~: 1~ I’ ~"~,.~.., hig]~ ridges with interplanted barley -~ , |
35% 6 ~,

~ .
t’.~~, grown to about 33 inches high. The barley ~" k,,, .~’°i’~,~ strips were spaced at the standard plant- ,- ,

An alternate method for analyzing the ~ "

ef~ectiven, ess of wind erosion protection in ~" ~,~ z~X
asparagus fields of the San Joaquln Delta
peat regions substantiated previous results
proving the value of the practice of inter- ~

planting barley in every row, and showed "~’rov~..~ect/o~"
success with alternate row planting mainly
when done perpendicular ,o the critical
winds.

H.B. SCHULTZ ¯ k. B. CARLTON ¯ F. "

! ti.g    ds fo:    Interplan Metho r

WIND EROSION PR OTECTIO.
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SKETCH BELOW details recording anemometer placement on
asparagus rldgo in interrow planting of one row of barley per
strip. SKETCH TO RIGHT, shows field |nstall~fion of recording
anemometers on asparagus ridges interplanted with barley in

,

[inaccuracy was allowable because windat the anemometer spots, the ridges wereand asparagus rows planted northeast-
~lovities below 15 mph at a 6-foot heightcovered with sheets of paper, southeast could be protected in a great
-ere not found critical under usual field Similar installations, as seen in thenumber of cases by barley strips in every
mdifions. Wind speeds of more than 20sketch (recorders are not shown), wereother row. Fields planted in other diree-
ph were seldom registered. Therefore,placed on ridges without interplantingstions can obtain only partial protection
wind reduction to 75% of normal(controls), on ridges with standard inter-from this method. Further verification of

3pears to be suffieient, plantings of barley, as well as oats. Un-these results will be tested next season if
Under these circumstances, however,fortunately, the barley was diseased andbetter plantings and higher wind veloei-
w stands of interplantings (6 inchesdeveloped poorly, reaching" a height ofties are available. In previous years, test-
!gher than the ridges) are consideredonly 28 inches. The protec:ion provideding, winds of i5 mph occurred, as com-
~rely sufficient. The dashed line in theby the standard interplanting was, there-pared with 5 to 12 mph winds in 1963.
raph is based on tests of two methods offore, 10% weaker than in previous years, Interplanting in alternate asparagus
tis kind of modification. One low standand no differences resulted from the testrows, if feasible, wouId allow easier bar-
as the result of late planting intended tocomparing barley with oats. These resultsvesting, and reshaping of ridges, which is
iminate interference with earlier groundshould.not be considered final. More datanecessary several times during harvest,
ark needed at the r;[d~es. The other lowis needed for a year when better devel-and a reduction of winter problems with
and was caus~:d by cutting off the barleyaped interplantings are available, volunteer barley.
.~ads before maturation in order to avoid For the same reason, data obtained on H.B. Schultz is Specialist in the
eed problems in succeeding years,four test days for the alternate plantingExperiment Station, Department o] Agri-
he graph also shows that, nnder thesemethod, shown on the plan view, shouldcultural Engineering, University o[ Cali~
~nditions, the wind proteetlon decreasesbe considered as tentative. However, it]ornia, Davis; A. B. Carlton is Specialist
~r winds departing from the perpendicu-can clearly be seen that wind protection isin the Experiment Station, Department
.rdirection--in contrast to the curve formuch superior on the ridges which areo[ Soils and Plant Nntrition, Stockton;
~e standard planting, close to the windward barley strip. Ifand F. Lory is Laboratory Technician,
Further tests with modified interplant-plotted into the graph, data from thisDept. o] Soils and Plant Nutrition, Davis.

~gs were carried out in the 1963 season,ridge would occupy a position’in between Dell/trlnga Bros., asparagus growers
"hen a plot was made available for test-the tWO eu~res. The other ridge appearson King island, San ]oaquin County,
~g ~ind .flow over harley strips plantedto be nearly unwotected i~ wind anglesassisted with this study by planting and
a every other row. Wind velocities werearound 45°, but a perpendicular windmanaging the interrow grain crops.
~easured over both ridges.As can be seendirection seems to give. a fair amount of
a the sketch, a dual install.arian wasshielding. Some wind reductiorl could alsoGRAPH of wind velodty over interplanted a~pora-
hosen for the purpose of checking andbe obtained for parallel wind. Here againg~s ridges in per cent of velocity over non-lnter-
s a guard against sudden change of con-the strong oscillations caused the direc-planted ridges. Anemometer cups 1 inch above
ition of one anemometer. As a furthertion to deviate so much that both ridgesrld9es.
recaution for protection against erosionreceived some shielding. The benefit was 100

a little greater at one ridge, because the
wind was not exactly parallel and in- 90
cluded a component of about 5 to 10° low inter~lantin~s-~,~
from that side more often than the other. 80

The data obtained so far indicates that
the practice of interplantlng in alternate% 70
asparagus rows is feasible with rows per- Standard interplantings.~

~ pendieular to the critical winds. This 60 ,should be north-south in the northern part
of the peat soil region where the winds 50
are directly from the west. Toward the

i Asp southern edge of this region--southwest 40~O*qu n aragus of Stockton---most of the winds with criti- 67* 45* an* O*
cal velocities are from west to northwest, Wind anqles utith rows
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